In a previous post-embedding hnmunogold elecaon microscopic (EM) studies, localization of d o u s desmosomal antigens was possible at high but not at low magnification. We developed a method for simultaneous demonstration of epidermal d e s " a l antigens at both low-and high-powet EM magnificltions by a method based on a y d i t i o n and acetone ayosubstitution and the use of a 1-nm gold probe with silver enhancement. Ultra-thin sections of Lowiayl K l l M were incubated with primary antibodies against desmoplakin, desmmllin, or desmoglein, followed by 1-nm goldanjugated seoondary antibody. Silver enhancement for 12 min provided the ideal labeling size for low-power visualization, whereas silver enhancement for 4-6 min was ideal
Introduction
Desmosomes, the junctions involved in the intercellular adhesion of epithelial cells, are widely distributed in tissue (1-9). Electron microscopy (EM) of a cross-section of the desmosome reveals an intercellular material, desmoglea, and dense cytoplasmic attachment plaques that are linked with the intermediate filaments of the cytoskeleton. Desmosomes are composed of a variety oftransmembrane glycoproteins and cytoplasmic proteins, including desmoglein (2,lO-13), desmocollin (14-18), pemphigus vulgaris antigen (19,20), desmoplakin (21-23), and plakoglobin (24-27).
A number of different immuno-EM methods have been used to study desmosomal antigens (8,28-37 Howcver, such ultrastructural localization has been possible only at high-power EM magnification because of the difficulty of preserving both the antigenicity and the ultrastructure over the wide area essential for the low-power EM observation. Furthermore, commercially available gold probes, ranging in size from 5 to 40 nm, are too small to be observed at lower-power EM magnification (38,39).
The molecular composition of epidermal desmosomes may differ in the basal, spinous, and granular cell layers in accordance with cell keratinization. A technique enabling observation ofthe distribution of desmosomal antigens at different stages of keratinization on the same ultra-thin section would be desirable. If simultaneous low-and high-power EM observation were possible on a single ultra-thin section, the level of background labeling could be easily determined, and the area of interest for high-power observation could be &iciently selected on a low-power view. Using post-embedding immunogold EM with cryofked and methanol-cryosubstituted skin, we previously showed the im-
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Figure 1. Low EM magnification (x 600) of post-embedding immuno-EM labeled with the anti-desmoglein polyclonal antibody using I-nm gold probe enhanced by silver staining for 12 min. The entire epidermis from the horny layer to the epidermal basement membrane zone (arrows) was included in the same EM field of view. Note the adequate ultrastructural preservation throughout the epidermis, even without chemical fixatives. Antigenicity of desmosomes was also well preserved.
Each desmosome is clearly decorated with the 1-nm gold probe that had been silver-enhanced for 12 min. Bar = 5 pm.
munolocalization of a variety of epidermal basement membranerelated antigens (39-43). Our objective was to establish a postembedding i"unogold EM SFtem to enable the simultaneous dtmmst"on ofdamosomal mugens at both low-and high-power magnification throughout the entire epidermis on the sections derived from the same tissue block.
Materials and Methods
Specimen Preparation. As a substrate for post-embedding immuno-EM, normal human skin obtained from the trunk of a 24-year-old man was processed as dcxribcd previously (40) . except that acetone was also used as a cryosubstitution solvent in this study. Briefly. skin samples (<I mm3) were cryofmed by plunging them into liquid propane at -190'C. To dcter-B were used in 1:4 dilution. Normal mouse or rabbit serum was used as a control.
Post-embedding Immunolabeling for Electron Microscopy. Ultra-thin sections of the blocks embedded in h i c r y l KllM were cut vertically to the skin surfscc and coUmed on nickcl grids cmrcd with a polyvinyl f0rrnw.r support film. The grids were placed on a drop of 5 % normal goat serum and 1% bovine serum albumin in PBS (pH 7.4) for 1 hr to block nonspecific binding. The section-mounted grids were incubated in each primary antibody at 1:4 dilution in 0.5% bovine serum albumin with 0.1% gelatin in PBS. They were washed three times in buffer for a total of 30 min, and then incubated in I-nm colloidal gold-conjugated antimouse or anti-rabbit goat serum (Amersham Life Science; Poole, UK) at 1:40 dilution for 2 hr. The incubation was followed by further washing in buffer and distilled water as described previously (42) .
The I-nm gold probes were then amplified by silver staining using the IntenSE M silver enhancement kit (Amersham) for 4.6, or 12 min at 4'C to obtain different labeling sizes suitable for observation at low-and highpowcr EM magnification. After silvcr enhancement. sections were contrasted with saturated uranyl acetate ( 5 min) and lead citrate (3 min) and examined by EM. For quantitative analysis, we selected those electron micrographs having the best visualization of desmoglein labeling at low-power observation. The total number of gold-labeled desmosoma that surrounded 50 keratinocytes in the upper or lower half of the epidermis was counted on the electron micrographs. The mean number of damosoma in the plain section that surrounded one keratinocyte was calculated and compared with the mean number in the upper and the lower epidermis.
Results

Ultrastructural Preservation
Ultrastructure was well preserved throughout the epidermis, including the granular, spinous, and basal cell layers, as well as in -- mine the ideal cryosubstitution conditions for preserving both the ultrastructure and antigenicity of desmosomes, not only methanol but also acetone was used as a cryosubstitution solvent. The rapidly frozen skin was subjected to cryosubstitution in 100% methanol or 100% acetone for 48 hr or 120 hr at -80'C using a CS-autofreeze substitution apparatus (Reichert Jung; Vienna, Austria).
The skin sample was then embedded in Lowicryl KllM at -6O'C (Chemische Wcrkc h i ; Waldkraiburg. Germany). Polymerization was initiated under uv radiation at -6O'C for 48 hr and continued at room temperature for 48 hr. The ultrastructural preservation of the various cryosubstituted specimens was observed by EM.
Anaibodia. Antibodies against several desmosomal components, including desmoplakin. desmocollin. and desmoglcin were used. Production and characterization of mouse monoclonal anti-desmoplakin (MAb 11-5F) (44)and anti-desmocollin (MAb 52-3D) (16-18)antibodies (from Dr. D. R. Garrod, University of Manchester, UK), and rabbit polyclonal antidesmoglein antibody (34) (from Dr. H. Shida, University of Yamanashi Medical School. Japan) have been previously described. All the antibodies acetone for 120 hr. However, the specimens freeze-substituted with acetone for 48 hr had unsatisfactory preservation of the ultrastructure, with ice crystal formation. This may have been due to insufficient duration of cryosubstimtion with acetone at -80°C.
Antigenic Preservation
The quality of antigenic preservation of each desmosomal antigen in the Lowicryl-embedded blocks was compared for the specimens cryosubstituted with acetone or with methanol. The antigenicities of desmoglein and desmocollin were better preserved in the specimens cryosubstituted with acetone than in those with methanol. Antigenicity of desmoplakin was equally preserved in specimens substituted with either acetone or methanol.
Low-power Electron Microscopy
At low EM magnification ( x 600). the entire depth ofthe epidermis was covered in an EM field (Figure I) . Silver enhancement of the 1-rim gold probe for 12 min produced the best labeling size for low magnification. The distribution of each desmosomal antigen throughout the epidermis was clear (Figures 1 and 2) . At this magnification, silver-enhanced gold probes attached to desmosomes were large enough to be observed in any layer of the epidermis. The level of background labeling could be adequately evaluated throughout the entire epidermis. Only slight background labeling was seen in the non-desmosomal keratinocyte cell surface, the cytoplasm of the keratinocytes, or the basement membrane zone.
Because desmosomes cut at different angles on the ultra-thin sections were clearly immunolabeled with the silver-enhanced probes, it was easy to conduct semiquantitative analysis. For example, by counting the number of desmosomes labeled with antidesmoglein antibody surrounding 50 keratinocytes in the upper and lower half of the epidermis, we found more desmosomes labeled with desmoglein in the upper epidermis (mean 32 desmosomes per keratinocyte) than in the lower epidermis (mean 23 desmosomes per keratinocyte) on ultra-thin sections.
High-power Electron Microscopy
At high-power magnifcation, 1-nm gold probes enhanced with silver staining for 4-6 min were the ideal size for observing the fine ultrastructure. Desmoglein was immunolocalized by the polyclonal antibody to the intercellular space of the desmosome and to the cytoplasmic attachment plaque (Figures 3A and 3B) . Epitope recognized by the monoclonal anti-desmocollin antibody (52-3D) was localized mainly along the plasma membrane of the desmosomes (Figures 3F3H). In contrast, epitope recognized by the monoclonal anti-desmoplakin antibody (11-5F) was localized only to the cytoplasmic attachment plaque within 30-40 nm from the plasma membrane, and not to the extracellular space of the desmosomes (Figures 3C-3E ). These labeling pattems at high-power EM magnification were well in agreement with other previous experimental results using different immunocytochemical procedures (6.16-18.34,44).
Discussion
Using this post-embedding immunogold EM system, we succeeded in demonstrating desmosomal antigens at both low-and high-powcr magnification throughout the epidermis, with satisfactory preservation of ultrastructure. The size of the silver-enhanced gold probe depends on the duration and the temperature of the staining procedure. To achieve consistent results, silver enhancement was done on a plate cooled to 4'C. Ideal labeling sizes were obtained with 12 min of silver enhancement for low-power and with 4-6 min for high-power magnification.
Previously, immunogold EM demonstrated desmosomal antigens only at very high magnification. which covers less than 10 desmosomes. At high magnification it is difficult to evaluate both the level of background labeling and the general distribution of desmosomal antigens in the different layers of the epidermis. Establishment of our new immunogold EM system for desmosomes. which can cover the entire epidermis, enables one to observe the distri-bution of specific desmosomal antigens in different cell layers on an ultra-thin section from the same Lowicryl block at both lowand high-power EM magnrfications. Comparative and semiquantitative analyses of antigen distribution can be made in the different portions of the epidermis. At low magnification, an area with good preservation of ultrastructure and antigenicity can be easily selected for more detailed observation at higher magnification. The level of background labeling can be easily evaluated throughout the entire epidermis.
Methanol has been the main solvent for cryosubstitution in lowtemperature immunogold EM studies of skin antigens (39-43,  45,46) . We previously demonstrated that a skin specimen cryofixed at -190'c and freeze-substituted by methanol at -80°C for 48 hr without chemical fixatives exhibits good ultrastructural and antigenic preservation ofthe basement membrane zone (39-43). Our earlier failure to demonstrate certain desmosomal antigens with this procedure was probably due to a loss of antigenicity during cryosubstitution with methanol, even at low temperatures. We therefore used acetone as the cryosubstitution solvent and succeeded in preserving both the ultrastructure and the antigenicity of the desmosomal antigens. We also showed that 120 hr of cryosubstitution, not 48 hr at -8O'C, was required with acetone.
In conclusion, this technique we established enables one to demonstrate desmosomal antigens at both low-and high-power magnifications throughout the epidermis, providing a way to study a variety of desmosome-related antigens, as well as other molecules of interest. 
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